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Abstract:  By  polycondensation  of  melamine  with  furfural  was  obtained  an
anion  exchange  resin  which  is  distinguished  by  high  thermal  resistance  and
mechanical  strength.  There was studied influence of  the reaction temperature,  the
ratio of the starting materials, the amount and nature of the solvent and other factors
to the process of the polycondensation of melamine with furfural and established the
optimal conditions for the preparation of anion exchanger.
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Introduction. Ion exchange polymers are widely used in water treatment, power
system, hydrometallurgy, metallurgy and other industries. To meet the needs of these
industries, ion-exchange polymers of various grades are imported to us in the republic
from the countries of near and far abroad. Despite the significant number of studies
on the ion-exchange method of extraction and separation of metals, the solution to
this problem continues to be an urgent and paramount task for the hydrometallurgical
industry. Ample opportunities for the synthesis of ion-exchange polymers opens the
polycondensation reaction. Upon receipt of anion-exchange polymers of this type, the
process  of  formation of  the spatial  structure and the introduction of  ionic groups
proceed in  one  stage.  As substances  containing ionic  groups,  use  various  amines
(etc.) [1,2,3].
Aldehydes,  epoxy  compounds,  and  halogenmetilirovanny  hydrocarbons  are
most  often  used  as  a  crosslinking  agent  [4,5].  The  degree  of  basicity  of  anion-
exchange polymers to a certain extent depends on the structure of the starting amine.
Organic  nitrogen-containing  compounds,  in  which  the  ionic  groups  are  directly
connected  to  the  aromatic  nucleus,  are  characterized  by  a  lower  basicity,  while
retaining this property in a high-molecular compound. 
By  polycondensation  of  melamine  with  formaldehyde  in  an  acidic  medium,
industrial  anion  exchange  resin  AN-1  was  prepared  according  to  the  following
scheme:
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The chemical  resistance of  the anion exchanger is low, since there are ether
bonds in the structure of the anion exchanger. In addition, it is easily oxidized and has
a noticeable solubility in water. Anion exchanger in the form of grains of irregular
shape is produced. It is established that the anion exchanger AN-1 has a low capacity
with respect to highly diluted mineral and low-dissociated acids. Salt forms are easily
hydrolyzed  by  water,  kinetic  properties  are  low [6,  7].  In  order  to  obtain  anion
exchanger  with  selective  ability  to  molybdenum  ions  at  high  thermo-chemical,
mechanical strength, we used furfural for formaldehyde as a crosslinking agent when
preparing the anion exchanger [8]. The results of the regularities of the formation of
anion exchangers by the polycondensation of furfural and melamine in the presence
of  diphenylamine  (DFA)  were  studied  [8].  The  presence  of  aromatic  nuclei  of
diphenylamine  (DFA)  in  the  structure  of  anion  exchanger  in  combination  with
furfural heterocycles contributes to a significant increase in the chemical, thermal and
mechanical stability of the ion exchanger [9,10]. 
Research  methods. In view of  the fact  that  melamine was used as  the main
carrier of ionogenic groups in the synthesis of anion exchangers, it was of interest to
study the kinetics  of  the  polycondensation  reaction of  furfural  with the indicated
amine. In connection with the task, the effect of the reaction temperature, the ratio of
the starting materials, the amount and nature of the solvent and other factors on the
polycondensation of melamine with furfural was investigated.  Melamine is poorly
soluble in furfurol at room temperature. For a uniform flow of polycondensation, the
reaction was carried out  in  the presence  of  solvents.  The latter  were used:  ethyl,
isoamyl  alcohols,  dimethylformamide  and  others.  The  highest  polymer  yield  is
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significantly depend on the amount of solvent used. A different (0.5, 1.0, 1.5, 2.0,
2.5) weight ratio of the solvent to melamine for the duration of polycondensation and
the properties of anion exchanger was studied. The use of 0.5-0.6 parts by weight of
solvent  per  one  part  by  weight  of  melamine  leads  to  a  rapid  flow  of  the
polycondensation  reaction,  and a  brittle  polymer  with  low mechanical  strength is
obtained. An increase in the amount of solvent from 1.5 to 2.5 parts by weight leads
to long-term curing of the reaction mass (100-120 hours). When using one weight
part of the solvent and one weight part of melamine, the polycondensation process
proceeds more evenly and the resulting anion exchange resin has sufficient exchange
capacity and good mechanical strength.
Results and discussion. The rate of polycondensation reaction of melamine
with furfural was studied at 100°С, 110°С, 120°С, 130°С, the molar ratio ofС, 110°С, 110°С, 120°С, 130°С, the molar ratio ofС, 120°С, 110°С, 120°С, 130°С, the molar ratio ofС, 130°С, 110°С, 120°С, 130°С, the molar ratio ofС, the molar ratio of
melamine to furfural was constant 1.5: 1.0. The results of the experiments are
shown in table 1, Fig.1, 2 and 3.
Fig.1 The degree of completion (F,
%) of polycondensation of furfural with
melamine at various tempurature:
1 - 130°C; 2 - 120°С; 3 - 110°C; 4 -
120°C.
Fig.2 Changing the logarithm of
the concentrations of the reacting
substances during the reaction at
different temperatures:
1 - 130°C; 2 - 120°С; 3 - 110°C.
Fig.3. The dependence of –lgK on the 1 / T reaction of polycondensation of
furfural with melamine.
On calculating the reaction rate constant from changes in the concentration of
furfural, it was assumed that polymer formation occurs due to the interaction of the
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carbonyl group of furfural with mobile hydrogens of the amino groups of melamine.
The first stage of the reaction is the formation of methyl derivatives:
R – NH2 +  R1 – C 
O
H
R – NH – R1 – CH2OH
On replacing both hydrogen atoms of an amine, dimethylol derivatives can be
formed: 
Formed in this way, methylol derivatives interact with each other, splitting off
water and forming cross bridges connecting the individual molecules of the amine.
The experimental results are consistent with the data of IR-spectroscopic studies of
the starting materials and the polymer obtained (Fig. 4). The absorption band in the
region of 1670 cm–1, the corresponding aldehyde group of furfural and the absorption
band of 1480, 1580, 1150, 650–900 cm–1, corresponding to –NH2 and –NH-groups of
melamine, decreases with increasing intensity of the polymer. In the IR spectrum of
the polymer  obtained,  there  are  almost  no absorption bands  corresponding to  the
aldehyde group — hence, the interaction of melamine with furfural occurs due to the
interaction of the carbonyl group of the aldehyde with the mobile hydrogen of the
amino group of melamine.
Figure 4 presents the dependence of the degree of conversion of the polymer on
the duration of the process at different temperatures. On the basis of these results, the
logarithmic dependence of the change in the concentrations of the reacting substances
with time at different temperatures was found.
R – NH2 +  2 R1 – C 
O
H
R – N(R1 – CH2OH)2
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Fig. 4 IR-spectra: 1 - melamine; 2 - hardened polymer - anion.
The results were used for the calculation, which corresponded to a degree of
conversion of no more than 30%. From Fig. 2 it is seen that in the coordinates there is









,  which  indicates  that  this  process  can  be
attributed to reactions proceeding by the second-order equation. The dependence of
the  rate  constant  on  temperature  obeys  the  Arrhenius  equation  [11,  12].  The
activation energy of the reaction of melamine polycondensation with furfural, found
from  the  graphical  dependence  –lgk  on  1/T,  is  28  kcal/mol.  The  effect  of  the
polycondensation  reaction temperature on the properties  of  anion exchangers was
studied (Table 1).
Table 1






The specific volume of the swollen
anion exchange resin
in the form of ml/g
Static exchange capacity for
0.1N HC1 solution, mEq/g
100 14 3,4 4,6
110 7,5 3,1 4,8-5,0
120 5,5-6 2,9 4,7
130 4,5 2,6-2,7 4,3
From the  data  of  table  1  it  can  be  seen that  at  a  temperature  of  100°C the
duration of the polycondensation reaction is 17 hours, the exchange capacity of the
ion  exchanger  is  4.0  mEq/g.  With  an  increase  in  temperature  up  to  120°C,  the
exchange capacity reaches 4.8-5.0 mEq/g, at a temperature of 130°C, although the
process duration is reduced by almost 4 times, but at the same time the exchange
capacity  drops  –  4.3  mg-eq/g,  therefore,  on  the  basis  of  experimental  data,  the
optimal temperature for the reaction of melamine polycondensation with furfural was
120°С,  at  which  the  reaction  course  is  uniform and  an  anion-exchange  polymer,
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characterized  by  good  physicochemical  and  mechanical  properties,  forms  in  7.5
hours.
Effect of furfural concentration and polycondensation process. The experiments
were carried out  at  120°C at  a  molar  ratio of  melamine 1.5;  2.0;  2.5 mole mole
furfural.  Figures 5 and 6 show the degree of completeness of the reaction on the
duration at different ratios of furfural and melamine, as well as the dependence of the
reaction rate constant at 120°C.
Fig.5 The degree of completion (A)
of furfural polycondensation with
melamine at 120°С. The number of
moles of furfural per mole of melamine: 
1 - 2.0; 2 - 1.5.
Fig. 6. The change in the logarithm
of the concentration of the reacting
substances of the reaction process at
120°C. The number of moles of furfural
per mole of melamine: 
1 - 2.0; 2 - 1.5.
From figures 5 and 6 it is seen that with increasing furfural concentration, the
reaction rate constant at 120°С increases. The concentration of the starting materials
in  the  synthesis  of  anion  exchange  resin  is  an  important  factor  influencing  their
physicochemical  properties.  The  use  of  different  ratios  of  the  starting  materials
results in an anion exchanger with distinctive physicochemical properties. Furfural in
the  preparation  of  anion  exchange  resin  is  a  condensing  and  crosslinking  agent,
therefore its concentration in the reaction mixture affects not only the crosslinking,
but also the quantitative ratio of the active groups (Table 2).
Table 2
The dependence of the properties of anion exchange resin on the concentration





for 0.1N HC1 solution,
mEq/g
Swelling in water, % Mechanical strength,
%
1.5 3.3 – 3.8 131 96.0
2.0 4.5 – 5,35 165 99.9
2.5 5.8 – 6.0 181 85.0
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The mobile hydrogen atoms of the amino groups of melamine interact with the
aldehyde group of furfural, as a result of which part of the initial primary groups
becomes secondary, and the secondary - into tertiary. With the increase in the number
of furfural, the value of exchange capacity and swelling decreases. When using a 1: 3
molar ratio of furfural to melamine, the anion exchange resin has a high exchange
capacity,  however,  an acid solution stains,  which can be explained by the partial
solubility of the product. The latter is due to the incomplete interaction of furfural
with melamine. From the data of Table 2 it can be seen that the most optimal ratio of
furfural to melamine is 1.0: 2.0 or 1.0: 1.5.
Table 3
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The specific volume of the 
swollen anion exchange resin in 
the OH-form
ml/g 1,6-1,8 2.8 3.8 2,5
Chemical resistance:
SEC 0.1 N HCl solution after 
boiling anion exchange resin for 
30 minutes in:
5 N NaOH solution










Heat resistance. SEC in 0.1 N 
HCl solution after boiling the 
anion in water for 20 hours
mg-eq/l 4,8-5,0 4,7 6,4 -
The study of  the effect  of  the concentration of  DFA (diphenylamine) on the
properties of anion exchangers showed that increasing the concentration of DFA in
the reaction mixture to 20% moles leads to a decrease in the exchange capacity of the
anion  exchanger  (to  3.5-3.0  mg-eq/g)  and  swelling.  However,  this  increases  the
mechanical strength of the ion exchanger up to 99%. When using diphenylamine in
the amount of 15-20%, the synthesized anion exchange resin has a sufficiently high
mechanical strength and an exchange capacity of 0.1 N HCl and NaCl solution of
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4.5-4.8 mg-eq/g, respectively. The properties of the anion exchange resin obtained
under optimal conditions are given in Table 3, where for comparison the properties of
anion exchangers of this type are given.
Conclusions. Thus, on the basis of the conducted studies, anion exchangers with
a  sufficiently  high  exchange  capacity,  resistance  to  high  temperatures  and
concentrated  solutions  of  acids  and  bases  can  be  obtained  at  a  molar  ratio  of
melamine, furfural 2.0:1.0; 1.5:1.0 during 3.5 hours on 120°C in dimethylformamide.
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